Abstract Thermal inactivation curves for peroxidase in potato extracts were determined in the range of 100 to 140°C for 10 to 100 sec. The capillary tube method was used to obtain isothermal conditions. The come-up time for the capillary tubes was accurately calculated by analysis method by which thermal inactivation kinetics of enzymes in relation to high temperature processing would be more easily detected. Heat inactivation of potato peroxidase followed fi rst-order reaction kinetics and yielded a curved Arrhenius plot for the temperature dependence at high temperatures. Kinetics parameters, k and E a , were calculated for potato peroxidase. At temperature range of 100-140°C, the activation energy of peroxidase was lower than that in the range of 78-84°C. It could be elucidated by the scheme of thermal inactivation pathway.
Introduction
Deterioration of raw or processed fruit and vegetable products is mainly attributed to residual enzymatic activity. These changes can affect the colour, fl avour, texture, and nutrient content (Adams 1991 , Ramaswamy and Fakhouri 1998 , Kaur and Kapoor 2001 , Premakumar and Khurdiya 2002 , Jayakumar et al. 2007 ). However, the temperature range of traditional heat treatment is between 60 and 100°C, and this process always takes long time to inactivate these enzymes. A number of nutrients are lost during the processing. Haase and Weber (2003) estimated ascorbic acid losses during various steps in the processing of French fries and observed that loss of ascorbic acid was highest during blanching. Therefore, it is desirable to keep the heat treatment to a minimum but suffi cient to completely inactivate these enzymes.
A new heat treatment -high-temperature short-time (HTST) has been introduced into the food industry. Drake and Carmichael (1986) demonstrated that HTST stream blanching produced high quality vegetables and imparted distinct quality parameters to the frozen vegetables as compared with water-blanched vegetables. To monitor the heat treatment, peroxidase (POD, EC 1.11.1.7) is often used as an indicator enzyme to assess the degree of inactivation. Its residual activity has adverse effect on the quality of processed plant products, resulting in changes such as browning, off-fl avour and loss of vitamins. Moreover, it is one of the most heat-stable enzymes and its inactivity can indicate that other enzymes are unlikely to be active. Peroxidases catalyze the oxidation of a large variety of substrates through the reaction with hydrogen peroxide. It typically catalyzes a reaction of the form:
Based on this feature, peroxidase is easily assayed to evaluate the degree of inactivation.
Studies in thermal inactivation kinetics of peroxidase in the range of 60 to 100°C have clearly shown biphasic curves which are thought to depend on the presence of isoenzymes with different thermal stabilities (Wang and Luh 1983 , Powers et al. 1984 , Ganthavorn et al. 1991 , Forsyth et al. 1999 ). An inactivation biphasic model was proposed by Ling and Lund (1978) 30, 50, 70 and 85°C (Wang and Luh 1983 , Powers et al. 1984 , Ganthavorn et al. 1991 , Tijskens et al. 1997 , Forsyth et al. 1999 , Anthon and Barrett 2002 . Heat denaturation of enzymes could be described using an exponential decay (fi rst order reaction). The temperature dependence of reaction rates could be described by Arrhenius'law (Tijskens et al. 1997) . Anthon and Barrett (2002) reported that peroxidase in potatoes was the most resistant and its activity gave simple fi rst-order inactivation kinetics but yielded a curved Arrhenius plot for the temperature dependence. However, the early researches in the thermal inactivation kinetics of peroxidase from potatoes focus on the rules or mathematical modeling between low temperature and enzyme inactivation. We report here more detailed inactivation kinetic data for peroxidase of potatoes during HTST processing.
Materials and methods
Potatoes (Solanum tuberosum variety 'Favorita') were purchased from local market. Hydrogen peroxide (30%), o-phenylenediamine, potassium dihydrogen phosphate and dipotassium hydrogen phosphate were purchased from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). All chemicals were of analytical grade. The phosphate buffer was prepared with monopotassium phosphate and dipotassium phosphate in distilled water obtaining a molar concentration of 0.1M and pH 6.0. The buffer solution was cooled to 4°C prior to use.
Preparation of crude extract: Potatoes were rinsed thrice with distilled water, peeled with a surgical blade to prevent damage of outer pericarp tissue and cut into 0.4±0.1 cm thick disks. The sample (100 g) was homogenized in 100 ml of 0.1 M phosphate buffer (pH 6.0) in a Waring commercial blender (Philips, Holland) and blended for 3 min at high speed. The homogenate was fi ltered through 2 layers of cheesecloth and then centrifuged for 20 min (4°C, 16000xg) in a Sigma 3K30 laboratory centrifuge (Steinheim, Germany). The supernatant was desalted by passage through Sephadex G-25 equilibrated with 0.1 M phosphate buffer (pH 6) using the centrifugation method of Helmerhorst and Stokes (1980) . This desalting step was included to remove phenolic compounds that caused potato homogenates to brown rapidly. The resulting crude POD extract was kept in ice-water bath (0°C) prior to heat treatment.
Thermal inactivation experiments:
Early studies on thermal inactivation kinetics of peroxidase in plants adopted the method of capillary tubes (Resende et al. 1969 , Wang and Dimarco 1972 , Adams 1978 , Bhirud and Sosulski 1993 , Rodrigo et al. 1997 . In this study heat inactivation experiments of POD extracts were conducted following the capillary tube method. In order to achieve a quasi-isothermal condition, the heating-up time must be as short as possible. Enzyme samples (30 μl) were transferred to capillary tubes (1 mm i.d., 50 μl total volume) through siphonage. Capillary tubes were immediately sealed on the fl ame of alcohol blowtorch, quickly cooled in ice-water bath and stored in refrigerator until heat treatment.
Capillary tubes with 30 μl of enzyme extracts were immersed in a thermostatic oil bath (Model HY020, Shanghai Laboratory Instrument Works Co., Ltd., China) with controlled temperature. Heat inaction was studied for holding temperatures range from 100 to 140°C at exposure time between 10 and 100 sec. In order to cool the samples as soon as possible, capillary tubes were quickly transferred to ice-water bath (0°C). Then enzyme extracts were collected in 1.5 ml centrifuge tubes and centrifuged for 5 min (4°C, 3800xg) in a Sigma 3K30 laboratory centrifuge.
Heat conduction calculation: Capillary tubes are regarded as infi nite cylinder. The come-up time for the capillary tubes is accurately calculated based on the theory of heat transfer.
where, Θ is excess temperature, L is computing sizes, Bi is biot value, , h fp is convective heat transfer coeffi cient, k is heat conductivity, J 0 is the zeroth-order primal Bessel function, λ n is instability analytical calculation eigenvalue and it is in accord with the following equation.
where, J 1 is the fi rst-order primal Bessel function. h fp →∞, Bi→0. The Eq. 2 could be expressed by the following equation:
Based on Eq. 4, the come-up time for the capillary tubes is accurately calculated and analyzed by means of computer programming.
Determination of peroxidase activity: POD activity was assayed using a modifi cation of the spectrophotometric method of Rastogi et al. (1999) and Préstamo (1989) . The sample cuvette contained 80 μl enzyme extract and a mixture composed of 2.6 ml potassium phosphate buffer (10 mM, pH 6.0) with 0.1 ml (1%, w/v) p-phenylenediamine as H-donor and 0.2 ml (0.3%, v/v) hydrogen peroxidase as 
